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在室温条件下，利用原位还原法以 NaBH4 和 AB 的混合物还原得到一系列 Fe
基双金属纳米颗粒，其中 CoFe 纳米颗粒在 AB 水解释氢活性和磁性能方面均明显
优于其它 Fe 基双金属磁性纳米颗粒。TEM、XRD、EDS 的表征结果显示 CoFe 纳
米颗粒为粒径是 6.7 nm 的球状颗粒，呈无定型。进而将此双金属纳米颗粒负载于
活性炭上用于催化 AB 水解释氢，结果表明 CoFe 纳米颗粒的组成与其 AB 水解释
氢性能密切相关，在所合成的不同比例组成的 CoFe/C 催化剂中，Co0.7Fe0.3/C 表现
出最高的催化活性，室温下水解释氢的 TOF 值达到 42.5 min-1。 Co0.7Fe0.3/C 催化
AB 水解释氢反应的动力学研究表明，释氢反应速率相对于催化剂浓度是一级反
应，该反应的活化能为 35.5 kJ/mol。 磁性能测试得到 Co0.7Fe0.3 纳米颗粒和
Co0.7Fe0.3/C 的磁饱和强度分别为 36.8 emu/g 和 14.5 emu/g，放置一周后仍然保持
较好的磁性能，利于催化剂的回收。 
利用金属之间的氧化还原电势的差异性，以 AB 作为还原剂还原 PdCl2、
Co(NO3)2 和 Ni(NO3)2 的混合溶液得到 Pd@CoNi 纳米颗粒，相同条件下以强还原
剂 NaBH4 还原时则得到 PdCoNi 合金纳米颗粒，前者的 AB 水解释氢活性明显优
于后者。进而，将三金属纳米颗粒 Pd@CoNi 负载于活性炭上，并应用到催化 AB
水解释氢上，结果表明 Pd@CoNi 催化性能优于相应的各单金属和双金属催化剂。
其催化性能与纳米颗粒中各金属之间的组成有关，在测试的催化剂中
Pd0.1@(Co0.5Ni0.5)0.9/C 的表现出最优的催化活性，室温下水解释氢的 TOF 值为 34.2 

















Pd0.1@(Co0.5Ni0.5)0.9 和 Pd0.1@(Co0.5Ni0.5)0.9/C 的磁饱和强度分别为 12.1 emu/g 和 4.2 
emu/g，静置一周后磁性能未发现明显下降。为了进一步提升催化剂的磁性能，本
文以水热法分别合成磁性载体 Fe3O4@C-1 和 Fe3O4@C-2，并代替 Ketjon C 负载
Pd0.1@(Co0.5Ni0.5)0.9 用于催化 AB 水解释氢，结果表明该尝试使催化剂的磁性能明
显提高，磁饱和强度分别达到 30.2 emu/g 和 41.3 emu/g， 室温下水解释氢也能保

















With the large consumption of fossil fuels and environment pollution, hydrogen as 
an efficient clean energy gradually become the focus of world attention, hydrogen 
storage materials are also inevitable become the object of widely research. Ammonia 
borane (NH3BH3, AB) is considered as one of the most promising solid hydrogen 
storage materials because of high quality hydrogen storage density, good water 
solubility and no toxicity. Under the suitable metal catalyst, ammonia borane can 
release hydrogen completely through hydrolysis at room temperature or even zero 
degree. In recent years, the magnetic catalysts have attracted attention of researchers 
because of its advantages of easy recycling. This study aims to synthesis magnetic 
catalyst for hydrolysis of AB with high activity and low cost, the bimetallic and 
trimetallic nanoparticles were synthesized by using in situ reduction method, 
respectively. The relationship between catalyst structure and catalytic performance, 
magnetism property was explored by the means of multiple characterization techniques 
on nanoparticles and catalyst. 
At room temperature, some Fe-based bimetallic nanoparticles were obtained by 
using NaBH4 and AB as reductants simultaneously, the synthesized CoFe nanoparticles 
showed the best activity for hydrolysis of AB and indicated the synergistic effect, 
which exhibited better catalytic activity than monometallic Co and Fe nanoparticles. 
The as-synthesized CoFe nanoparticles was characterized by TEM, XRD，EDS, 
showing that the particles are spherical and amorphous. Furthermore, the CoFe 
nanoparticles were supported on ketjon carbon to catalysis the hydrolysis of AB. 
catalysis the hydrogen generation from hydrolysis of AB by loading on the active 
carbon. The results prove that the composition of the CoFe nanoparticles is closely 
related to the activity performance. Among the tested compositions of CoFe/C, the 
Co0.7Fe0.3/C has the highest catalytic activity with a total turnover frequency value of 
42.5 min-1. Kinetic study indicated that the hydrolysis of AB catalyzed by Co0.7Fe0.3/C 
is first order with respect to the catalyst concentration and the activation energy is 















Co0.7Fe0.3/C catalyst has good magnetic performance with magnetic saturation 
intensities of 36.8 emu/g and 14.5 emu/ g, respectively. 
According to the different redox potentials between metals, magnetic 
nanoparticles Pd@CoNi/C catalyst was successfully synthesized via in situ reduction 
by using PdCl2, Co(NO3)2, Ni(NO3)2 as the metal precursors and AB as mild reducing 
agent. In the same condition, PdCoNi/C was synthesized by using NaBH4 as strong 
reducing agent, and catalytic result showed the Pd@CoNi/C was better than PdCoNi/C 
towards hydrolysis of AB. The synthesized Pd@CoNi/C catalyst was applied to the 
hydrolysis of AB after loading on active carbon, and the catalytic activity of the 
Pd@CoNi/C catalyst is better than that of corresponding monometallic and bimetallic 
catalyst. The catalytic activity of Pd@CoNi are related to the composition of various 
metals,  and Pd0.1@(Co0.5Ni0.5)0.9/C is the most active among the tested catalysts with 
the TOF value of 34.2 min-1. The kinetics has been investigated, which indicate that the 
hydrolysis of AB catalyzed by Pd0.1@(Co0.5Ni0.5)0.9/C is first order with respect to the 
catalyst concentration and the activation energy is determined to be 35.5 kJ/mol. In 
addition, Pd0.1@(Co0.5Ni0.5)0.9/C catalyst can still maintain 70% of initial catalytic 
activity after 5 runs. Pd0.1@(Co0.5Ni0.5)0.9 and Pd0.1@(Co0.5Ni0.5)0.9/C display a 
magnetic saturation intensity of 12.1 emu/g and 4.2 emu/g, respectively. In order to 
further improve magnetic property of catalyst, Fe3O4@C-1 and Fe3O4@C-2 were 
synthesized by using classic hydrothermal method as magnetic carrier instead of Ketjon 
C and were applied for hydrolysis of AB. The results indicated that the method can 
improve the magnetic performance of the catalyst with the magnetic saturation intensity 
of 30.2 emu/g and 41.3 emu/g. Besides, the as-synthesized two catalysts can also 
maintain desirable catalytic activity in hydrolysis of AB with the TOF of 27.2 min-1 and 
20.45 min-1, respectively. 
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释放 1.4×105 J 热量，其效率是传统石油的三倍；(2)氢气的燃烧产物是水，对生态
环境不会产生影响。氢在地球上的储量丰富，来源广泛，主要以化合物形式存在
于水中，地球上的海水总量是 1.3×1018 t，其中含氢量为 1.51×1017 t，如果把海水
中所有的氢都提取出来，它所产生的热量比地球上所有的化石燃料所产生的的热





























绝大部分为氢的气态区，液态氢仅只出现在固态线和 14 K 三相点以及 33 K 的临
界点直线之间。 
 
图 1-1 氢气的气液固相图[4] 




















































早在 1968 年，美国布鲁克海文国家实验室发现了镁基金属化合物 Mg2Ni 并探索
了其储氢特性，Mg2Ni[5]合金是由镁和镍熔炼制成，在一定的条件下与氢反应生成
得到 Mg2NiH4。反应生成的氢化物中含氢量为 3.6%，在 280 ℃、6 min 内放氢 5.5%，
其吸收和释放氢的性能远远优于单质镁。 















兰飞利浦公司发现了 LaNi5[6]，该合金属于 CaCu5 六方结构，其最大的特点就是活
化容易，在吸氢和放氢的过程中平衡压差小，动力学性能优良并具有较好的抵抗
杂质气体毒性的能力，据文献报道，LaNi5 在 25 ℃和 0.2 MPa 压力下，储氢量约






锆基 AB2 型 Laves 相合金主要有 Zr-V 系[7]、Zr-Cr 系[8]和 Zr-Mn 系[9]，其中 ZrMn2
的吸氢的容量可以达到 480 Ah/g,是一种吸氢量较大的合金，应用前景广泛。钛基
AB2 型储氢合金主要有 TiMn[10-13]和 TiCr[14,15]两大类，日本松下公司对 TiMn 进行
成分优化，发现 Mn/Ti=1.5 时，其在室温条件下的储氢容量能力达到最大化，可
以达到 TiMn1.5H2.5，氢含量约为 1.8 wt.%，并且在此基础上合成了一系列的电极
材料。但是 AB2 型的储氢材料的储氢稳定性相对较差，目前改善方法较多的就是









壁层[26]（SWNT）和多壁层[27]（MWNT）两种。Liu 等研究发现，在室温、约 10 MPa
的条件下，SWNT 的储氢质量分数可达 4.2%。Ye[25]等通过实验验证得出，在 80 K、
12 MPa 的条件下，纯度为 98%的 SWNT 的储氢质量分数可以达到 8.25%，具备良
好的储氢性能。活性碳纤维是 20 世纪 70 年代开发出来的新型功能性吸附材料，
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